Abstract
INTRODUCTION
Most large series of penetrating thoracic injuries have been reported by the military services [1] [2] [3] and North American trauma centres [4] . These institutions have dedicated trauma teams, technical facilities, emergency protocols, and surgical training, to deliver the fastest and the most efficient management to these kinds of patients [5] . The context is very different in France, where penetrating thoracic injuries are infrequent and mostly managed by organ-based surgical specialists in non-military hospitals. The management of these patients therefore represents a particular challenge.
Facing multisite terrorist attacks on 13 November 2015, Parisian public and military hospitals managed numerous patients with multiple injuries following the protocol of a hospital mobilization plan called the 'White Plan' (Plan Blanc) [5] .
The White Plan allows the mobilization of all hospitals within the Paris area, the recall of caregivers, and the release of beds to cope with a large influx of wounded people. The Paris 13 November terrorist attacks have justified the activation of the White Plan for the first time in the last 20 years. The aim of this study was to assess the results of this mobilization in the management of penetrating thoracic injury.
PATIENTS AND METHODS

Attacks
Three groups of 3 terrorists attacked the Paris area on 13 November 2015 (Fig. 1 ). From 9:17 pm to 9:53 pm, 3 explosions occurred at the Stade de France, a stadium located in the north of Paris. These explosions were the result of 3 suicide bombing attacks (SBA) using explosive belts that included triacetone triperoxyde (TATP) and metallic pieces, mostly bolts. At 9:41 pm, another SBA took place in a bar in the 11th district of Paris. At the same time, from 9:25 pm to 9:43 pm, 3 shooting incidents occurred at the terrace of several bars and restaurants in the 10th and 11th districts of Paris. The terrorists were moving by car using military grade firearms, Kalashnikov AK47 and Zastava M70. At 9:40 pm, a massacre took place in the Bataclan concert hall-hundreds of people were then held hostage until 00:23 am. The terrorists were armed with explosive belts and firearms as reported above. Overall, these multisite terrorist attacks have been responsible for 482 casualties, including 130 deaths and 352 wounded.
Study design
The clinical records of all patients presenting with a penetrating thoracic injury related to the Paris 11/13 terrorist attacks were reviewed. Accrual completeness was ensured by direct contact with medical and surgical directors of hospitals involved in the management of the Paris 11/13 victims. Pre-hospital admittance categorization was reported as absolute emergency (AE) or relative emergency (RE) according to the pre-hospital admittance rescue organization plan called the 'Red Plan' (Plan Rouge). AE may require surgery or embolization without delay whereas RE may be managed secondarily [5] . In-hospital categorization was reported as immediate, delayed, minimal and expectant according to French and NATO Military Health Service recommendations [6] . In the immediate group are casualties who require attention within minutes to 2 h on arrival to avoid death or major disability. The delayed group included those wounded who are in need of surgery, but whose general condition permits delay in treatment without unduly endangering life, limb, or eyesight. The minimal group consists of those patients who have relatively minor injuries and can effectively care for themselves or be treated with minimal medical care. Patients in the expectant group are casualties that overwhelm current medical resources at the expense of treating salvageable patients. Severity was reported using the Glasgow Coma Scale (GCS), Abbreviated Injury Scale (AIS), Injury Severity Scale (ISS), New Injury Severity Score (NISS), Revised Trauma Score (RTS) and TRauma and Injury Severity Score (TRISS). An AIS > _ 3 in a body region indicated a severe injury, an ISS greater than 15 indicated a severe trauma, RTS is inversely proportional to mortality, a TRISS of 50% or less was considered an unexpected survivor [7, 8] . Outcomes were defined as postoperative deaths and complications that included events occurring within 90 days after surgery or during the same hospital stay if longer. 
Patient management
All patients were managed according to the protocol of the White Plan as already reported [5, 9, 10] . Most of patients had pre-hospital care by the fire brigade or emergency medical services' teams before being referred to an appropriate trauma centre or emergency department (ED). Some patients made their own way or were carried by relatives or witnesses to the closest hospitals [5, 9] . 
Statistical analysis
Categorical variables were described as count and proportion. Continuous variables were described as mean and standard deviation, and compared using Student's t-test. For all comparisons, a P-value less than 0.05 was considered significant. The 
RESULTS
Demographic characteristics, pre-hospital management, emergency department status and procedures
Twenty-five patients were admitted for penetrating thoracic injury related to the Paris November 13 terrorist attacks, and make up the study group. Attack locations and patient distribution are shown in Fig. 1 . The majority of patients were male (n = 16, 64%), The data are presented as the n (%) and the mean ± the SDs [ranges] for continuous variables. ED: emergency department; GSW: gunshot wound; SBA: suicide bombing attack; GCS: Glasgow coma score; CXR: chest X-ray; (e-)FAST: (extended-)focused assessment with sonography for trauma; CT: computed tomography. The data are presented as the n (%) and the mean ± the SD [ranges] for continuous variables. AIS: abbreviated injury score; ISS: injury severity score; NISS: new injury severity score; RTS: revised trauma score; TRISS: trauma and injury severity score.
with a mean age of 34 ± 8 years. Gunshot wounds (GSW, n = 20, 80%) were more frequent than wounds from SBA (n = 5, 20%). The number of impacts was higher in the latter patients (2.1 ± 1 for GSW vs 10.2 ± 3.83 for SBA, P = 0.001). Impact locations are illustrated in Fig. 2 . Before being transferred to the ED, 24 patients (96%) were classified as an absolute emergency. After triage upon arrival at the ED, 7 patients (28%) were categorized as immediate, and 5 patients were considered as an extreme emergency and underwent surgery without prior exam (Table 1) .
Injury pattern and severity
Most patients presented with severe thoracic injury (AIS thorax 3.3 ± 1.2), associated with non-thoracic injuries in 21 cases (84%). In 15 patients (60%) their thoracic injury was the most severe injury. The most frequent extra-thoracic injuries involved the extremities (n = 12, 48%), the abdomen (n = 10, 40%), the retroperitoneum (n = 7, 28%) and the spine (n = 7, 28%). The mean ISS score was 26.8, ranging from 14 to 43, and 21 patients (84%) had an ISS above 15 (Table 2) .
Surgical management
Eight patients (32%) were managed with chest tube insertion (32%), 17 (68%) underwent thoracic surgery. Surgery was performed within the first 6 hours in 7 patients (28% of the series, 41% of the patients who underwent surgery). Anterior approaches (anterolateral thoracotomy, sternotomy, clamshell) were the most frequent approaches (n = 8, 47%). Lung resection was performed in 6 cases (36%), including 3 lobectomies and 3 wedge resections, lung suture was performed in 5 cases (29%). One patient required cardiac suture, and one patient required thoracic packing. Six patients (36%) had diaphragmatic repair and 4 required an associated abdominal procedure (66%). Extrathoracic surgical procedures were performed in 16 patients, mostly for injuries to the extremities, and were mostly carried out during the thoracic procedure. Six patients (35%) have had a damage control procedure (thoracic n = 4, abdominal n = 2) according to their physiological status (Table 3) .
Postoperative outcome
Postoperative mortality was 12% (n = 3) and overall postoperative morbidity was 60% (n = 15). Five patients (20%) presented with thoracic complications, 5 (20%) with extra-thoracic complications and 5 (20%) with both. Iterative surgeries were performed in 16 patients, mostly for non-thoracic injuries (n = 14, 56%). Transfer from primary to specialized centres was required in 6 cases (24%), as shown in Fig. 1 . The median ICU and hospital length of stay were 5 [1-56] and 13.5 days, respectively. The majority of patients were then discharged home (n = 12, 54% of living patients) ( Table 4) . The data are presented as the n (%). 
DISCUSSION
Main results
Facing multisite terrorist attacks which combined assault rifles shots and bomb explosions, the mobilization and the coordination of Parisian public and military hospitals allowed the emergency surgical management of 25 patients with penetrating thoracic injuries. These dreadful attacks challenged the healthcare system with a large number of patients with war injuries over a short amount of time, with complex and severe thoracic injuries, and resulted in a thoracic mortality of 12%. 
Terrorist urban mass casualty incidents
In France, the medical response to a mass casualty incident is organised according to the 'White Plan' that allows the mobilization of hospitals and caregivers [5] . After previous terrorist attacks that occurred in the Paris area on 7 January 2015, emergency services in and out of Parisian hospitals undertook simulation exercises. The last exercise took place at 10:00 am on the morning of November 13, but nothing could prepare the medical teams for the violence observed that night [11] . Attacks perpetrated with assault rifles, often combined with bombings, are associated with a higher mortality than isolated bombings. For comparison purposes, recent terrorist attacks targeting civilians have been summarized in Table 5 [12] [13] [14] [15] [16] [17] [18] [19] . The highest number of casualties was encountered after the Madrid terrorist attacks in 2004. These bomb attacks in trains were associated with the highest proportion of patients with thoracic trauma (39%) but the lowest proportion of patients undergoing thoracotomy (0.5%) [19] . In the same way, there was only one thoracotomy after the London bombings and none after Boston [12, 13, 18] . Reports of terrorist incidents in Israel of 17 SBA have described a large proportion of thoracic trauma (37%) a consequent rate of thoracotomy (9%) and a high rate of mortality (11%) often due to associated injuries [16] . The Utoya-Oslo and Mumbai attacks were characterized by a balance between both bombing and shooting incidents (45% and 55% for the first series) and resulted in an average rate of thoracic trauma of 20% and 18%, respectively, but only one thoracotomy for each series [14, 15, 17, 20] . The Paris attacks with a majority of injuries from GSW (84%) resulted in one of the lowest rates of thoracic trauma (7%) but the highest rate of thoracotomy (64%) and thoracic mortality (12%). Altogether, these data confirm that bomb attacks are often associated with thoracic trauma, blast lung or shrapnel injuries, but these injuries infrequently require thoracotomy nor are they responsible for specific thoracic mortality after hospital admission. Conversely, GSW in unprotected civilians are often associated with severe injuries that require surgical management and are often associated with a heavy burden of complications and mortality. However, this has probably to be weighted by the pre-hospital mortality.
Injury severity
For comparison purposes, recent military and civilian penetrating thoracic trauma series have been summarized in Table 6 [2-4, [21] [22] [23] . In the case of penetrating thoracic injury with a haemo/or pneumothorax the AIS is at least 3. The mean thoracic AIS of our series is 3.3 which is considered as severe. This mean thoracic AIS is similar to that reported by Bala et al. after the SBA in Israel which had a median thoracic AIS of 3; in addition to wartime injuries reported by Ivey et al. during Operations Enduring Freedom (OEF) and Iraqi Freedom (OIF) with a mean thoracic AIS of 2.9 [16, 21] . The injuries sustained in the Paris attack were also characterized by a high rate of extra-thoracic injuries (84%), the majority involving extremities (48%), followed by abdominal injuries (40%). De Lesquen et al. have reported similar findings during the war in Afghanistan with 78% of extra-thoracic injuries, 56% involving the extremities and 48% involving the abdomen [3] . Furthermore, thoraco-abdominal and multi-cavity injuries are known to be associated with adverse outcome [4] . In our study, the association of severe thoracic injury and frequent extra-thoracic involvement led to a mean Injury Severity Score (ISS) of 27, a high proportion of patients (84%) with an ISS over 15 and a probability of death above 10% [8] . This is quite similar to the report of Ivey et al. [21] during OEF and OIF. Finally, patients with war thoracic injuries following terrorist attacks probably require a rapid relocation to high-grade trauma centres for a multidisciplinary management.
Surgical management
In France, the management of thoracic and associated injuries may vary according to the institution. French military surgeons are mostly general and trauma-surgeons, who have benefitted from a thorough training in the management of trauma, including cardiothoracic and vascular skills, in order to master damage control surgery in the combat environment [3] . Conversely, civilian surgeons are organ-specialized surgeons, who have been partly trained in trauma management and damage control, but mostly used to multidisciplinary collaboration. These approaches are complementary and their pooling appears mutually beneficial since military surgeons may need organ specialization and civilian surgeons need trauma training. Despite these training differences, our results are close to those of recent military series [2, 3, 21] . Compared to other military and civilian series, our study is characterized by a lower rate of tube thoracostomy management (32%) and a higher rate of thoracotomy (64%) [2] [3] [4] [21] [22] [23] . This potentially reflects a higher incidence of high velocity GSW among an unprotected civilian population but may also indicate a surgical over-triage. Along the same lines, the thoracic mortality in our series (12%) is quite similar to military series but higher than civilian series [2] [3] [4] [21] [22] [23] . This may be explained by the mechanism of injury but also by the difficulties in prehospital management related to the extent of the attacks and the security conditions.
Limitations
Missing data on the cause of death of people dead on site is a major limitation of our study. Causes of death are still under investigation and further analyses will be of tremendous importance to improve pre-hospital protocols and materials, as recently highlighted after the Boston marathon bombing [13] . Our study has other limitations. The extent of the attacks, the number of hospitals involved and the multiplicity of people involved, might have led to heterogeneous management protocols and ultimately to missing data. However, repeated contacts with all the centres involved in the management of patients with thoracic injuries, together with the creation of a dedicated database that included all casualties attributed to November 13 Paris attacks, and the complete follow-up of all patients included, lead to a reasonable confidence into the completeness of this study.
CONCLUSIONS
The mobilization and the coordination of Parisian military and civilian hospitals allowed the surgical management of 25 patients presenting with penetrating thoracic injury due to the Paris 13 November terrorist attacks. The mortality is high but consistent with what has been reported in previous series. The current times expose us to the threat of new terrorist attacks and require that the medical community be prepared.
